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SPECIFICATION 



SEMICONDUCTOR FORCE SEN 




TECHNICAL FIELD 

The present invention relates to a semiconductor 
force sensor for detecting a force such as a pressure or 
the like by a semiconductor force sensor element, for 
output as an electric signal. 

BACKGROUND ART 

Japanese Patent Application Laid-open Publication 
No. 118935/1993 discloses a semiconductor force sensor 
including a semiconductor force sensor element having a 
diaphragm section and a sphere for transmitting a force 
to the diaphragm section. The semiconductor force sensor 
warps the diaphragm section by the force applied to the 
sphere and converts a change in this force to an electric 
signal, thereby measuring the force applied to the sphere 
or turning on or off a switch. In the semiconductor force 
sensor , a recess section, in which the sphere is placed, 
is formed in the central portion of the semiconductor force 
sensor element, and a through hole, into which the sphere 
is fitted, is formed in the opposed wall section of an 
receiving case facing the recess section so that part of 
the sphere faces outside. With this structure, 
positioning of the sphere is achieved by the through hole 
in the opposed wall section with the sphere being secured 
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in the semiconductor force sensor element* 

In such a semiconductor force sensor, however, when 
a force in a direction other than a direction orthogonal 
to the diaphragm section is transmitted to the diaphragm 
section through the sphere, an undue force is applied to 
the diaphragm section, so that the diaphragm section might 
be broken. Further, a force applied to the direction 
orthogonal to the diaphragm section could not be measured 
accurately* 

Japanese Utility Model Application No. 38779/1987 
( Japanese Utility Model Application Laid-Open publication 
No* 146734/1988) relating to a microfilm discloses a 
pressure-sensitive sensor including a sensor element 
constituted by a thin plate fixed to a receiving case and 
a composite piezoelectric sheet having electrodes, and a 
sphere for transmitting a force to the thin plate. The 
pressure-sensitive sensor applies the force on the sphere 
to the composite piezoelectric sheet through the thin 
plate, converts a change in this force to an electric 
signal, and measures a pressure applied to the sphere. In 
this pressure-sensitive sensor, a through hole into which 
the sphere is fitted is formed in the opposed wall section 
of the receiving case facing the thin plate so that part 
of the sphere faces outside. With this structure, 
positioning of the sphere is achieved by the through hole 
in the opposed wall section with the sphere being in 
contact with the thin plate. 
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However, the sensor element In this 
pressure-sensitive sensor is energized against the sphere 
through the thin plate by a spring. Thus, the sphere is 
strongly abutted onto the edge of the through hole in the 
receiving case. For this reason, when a force in. a 
direction other than the direction orthogonal to the thin 
plate is transmitted to the thin plate through the sphere, 
most of the force (force including even the force in the 
direction other than the direction orthogonal to the thin 
plate) is measured. Then* there was a problem that the 
force applied to the direction orthogonal to the thin plate 
could not be accurately measured. 

An object of the present invention is to provide a 
semiconductor force sensor that can prevent an undue force 
from being applied to a diaphragm section therein, and thus 
can prevent the diaphragm section being broken. 

Another object of the present invention is to provide 
a semiconductor force sensor that can accurately measure 
a force applied to a direction orthogonal to the diaphragm 
section. 

DISCLOSURE OF THE INVENTION 

A semiconductor force sensor of which the present 
invention aims at improvement includes a semiconductor 
force sensor element having a diaphragm section provided 
with a converting section for converting a change in a 
force to a change in an electric signal by piezoresistive 
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effect* force transmitting means for applying the force 
to be measured to the diaphragm section of the 
semiconductor force sensor element, and a force 
transmitting means positioning structure. The force 
transmitting means positioning structure includes an 
opposed wall section spaced from the diaphragm section and 
arranged to face the diaphragm section, and positions and 
arranges the force transmitting means so as to bring the 
force transmitting means into direct contact with the 
central portion of the diaphragm section. Then, the 
force transmitting means is constituted by a sphere having 
rigidity. In the present invention, a through hole 
passing through the opposed wall section in a direction 
toward the diaphragm section is formed in the opposed wall 
section of the force transmitting means positioning 
structure at a position facing the central portion of the 
diaphragm section. This through hole is so shaped that 
a part of the sphere faces an outside of the opposed wall 
section and receives a part of the remainder of the sphere 
so that the sphere can move only in a direction orthogonal 
to the diaphragm section and can rotate on the central 
portion of the diaphragm section. 

In a more specific configuration, a semiconductor 
force sensor of the present invention includes a 
semiconductor force sensor element including a diaphragm 
section having a converting section for converting a 
change in a force Into a change in an electric signal by 



4 



£rom: +813 3519 7886 Page:_8/43 m Date: W1 1(2004 6:14:08 AM 

piezoresietive effect, a sphere having rigidity for 
applying the force to be measured to the diaphragm section 
of the semiconductor force sensor element, a case main body 
having one open surface, a lid member, and a through hole 
formed in the lid member. The case main body having one 
open surface includes an opening in the one surface, and 
includes a sensor element supporting section for 
supporting the semiconductor force sensor element at a 
position facing the opening so that deformation of the 
diaphragm section is allowed. The lid member includes an 
opposed wall section facing the diaphragm section of the 
semiconductor force sensor element supported by the sensor 
element supporting section and fixed to the case main body 
so as to close the opening. The through hole is formed 
in the opposed wall section and receives the sphere. Then # 
the through hole is so shaped that a part of the sphere 
faces the outside of an opposed wall section and receives 
a part of the remainder of the sphere so that the sphere 
can move only in a direction orthogonal to the diaphragm 
section and can rotate on the central portion of the 
diaphragm section, with the sphere being in direct contact 
with the central portion of the diaphragm section. 

When the through hole in the opposed wall section 
is formed as in the present invention and a force in the 
direction orthogonal to the diaphragm section is applied 
to the sphere, the diagram section warps due to the force 
applied to the sphere. On contrast therewith, when a force 
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in a direction other than the direction orthogonal to the 
diaphragm section is applied to the sphere, the sphere 
rotates on the central portion of the diaphragm section 
due to a component force. Application of an undue force 
to the diaphragm section thus can be prevented. For this 
reason, breakage of the diaphragm section can be prevented. 
Further, only the component of the force applied to the 
direction orthogonal to the diaphragm section can be 
accurately measured. 

The diaphragm section can be formed to have a front 
surface with the converting section formed thereon and a 
back surface located opposite to the front surface. 
Further, the semiconductor force sensor element can be 
formed to have a cylindrical base section integrally 
formed with the periphery of the back surface of the 
diaphragm section. In this case, it is preferable that 
the sphere is so arranged that a force is applied to the 
surface of the diaphragm section. With this arrangement, 
measurement sensitivity can be enhanced. Incidentally, 
the force may be applied to the back surface of the 
diaphragm section by bringing the sphere into contact with 
the back surface of the diaphragm section. 

The through hole may be circular or rectangular. If 
the through hole is formed to be circular, it can be formed 
into various shapes. The through hole, for example, can 
be constituted by a first through hole portion located on 
a side of the diaphragm section and at a position 



6 



From: +81 3 351 9 7886 Page: 1 0/43 Date: JOT 1/2004 6:1 4:p? AM 

corresponding to the lower half of the sphere, a second 
through hole portion located on a side of the outside, and 
a third through hole portion located between the first 
through hole portion and the second through hole portion. 
In this case, it can be so configured that the first through 
hole portion has a constant diameter size slightly larger 
than the diameter of the sphere, the second through hole 
portion has a constant diameter size allowing the part of 
the sphere to be exposed to the outside from the second 
through hole portion, and the third through hole portion 
is so shaped that a diameter size thereof decreases more 
toward the second through hole portion from the first 
through hole portion along the outer surface of the sphere. 
If the through hole is formed as described above, the 
sphere rotates along the third through hole portion, so 
that rattling of the sphere within the through hole can 
be prevented. 

Alternatively, the through hole can be constituted 
by a first through hole portion located on the side of the 
diaphragm section and second through hole portion located 
on the side of the outside. In this case, the first through 
hole portion can be configured to have a constant diameter 
size slightly larger than the diameter of the sphere. 
Further, the second through hole portion can be configured 
to be so shaped that a diameter size thereof gradually 
decreases toward the outside so as to allow the part of 
the sphere to be exposed to the outside from the second 
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through hole portion. If the through hole is formed as 
described above, the through hole can be easily formed by 
simple machining* 

The semiconductor force sensor element can be 
arranged by Joining the base section to the sensor element 
supporting section of the case main body. In this case, 
it is preferable that a gel^like protective agent having 
electrically insulating property is filled in the case 
main body so as to cover the diaphragm section. With this 
arrangement, it becomes easy for the sphere to rotate on 
the central portion of the diaphragm section due to the 
lubricating property of the gel-like protective agent. 
Incidentally, in order to improve the warp of the diaphragm 
section caused by the sphere, it is preferable that 
penetration of the gel-like protective agent is so defined 
that the sphere pushes away the gel-like protective agent 
on the diaphragm section to cause the sphere to 
substantially come in direct contact with the central 
portion of the diaphragm section. 

The case main body can include a bottom wall section 
constituting the sensor element supporting section, a 
peripheral wall section with one end thereof integrally 
formed with the peripheral edge portion of the bottom wall 
section and the other end thereof formed to surround the 
opening, and a plurality of fitting protrusions provided 
on the other end of the peripheral wall section, and can 
be integrally formed of an electrically insulating resin 
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material. Further, the lid member can include a plurality 
of through holes for being fitted, through which a 
plurality of fitting protrusions of the case main body pass , 
and can be integrally formed of an electrically insulating 
resin material. With this arrangement, the lid member can 
be easily fixed to the case main body just through thermal 
deformation of leading edge portions of the plurality of 
fitting protrusions protruding from the lid member with 
the plurality of fitting protrusions of the case main body 
fitted into the plurality of through holes for being fitted 
in the lid member. 

In such a case, it is preferable that a plurality of 
recess portions or stepped portions for receiving the 
fitting protrusions thermally deformed are formed around 
the plurality of through holes for being fitted in the lid 
member so as not to cause thermally deformed raised 
portions to protrude outwardly from the lid member. 

A pair of recess portions being open outwardly and 
toward the other end of the peripheral wall section can 
be formed at the pair of opposed locations facing each 
other in the outer wall portion of the peripheral wall 
section. A pair of positioning protrusions extending 
from the opposed wall section toward the case main body 
and being fitted into the pair of recess portions described 
before can be integrally formed with the lid member. With 
this arrangement, Just by fitting the pair of positioning 
protrusions of the lid member into the pair of recess 
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portions in the case main body, positioning of the lid 
member relative to the case main body can be easily 
performed. 

The case main body and the lid member can be formed 
of various materials. The case main body and the lid 
member can be respectively formed of ceramics, for example. 
With this arrangement, the operating temperature range of 
the case main body and the lid member can be expanded. 
Alternatively, the case main body can be formed of the 
ceramics, and the lid member can be formed of a metal. 
With this arrangement, the operating temperature range of 
the case main body can be expanded. If the lid member is 
formed of the ceramics or the metal , the through hole can 
be easily formed in the lid member just by applying simple 
machining such as press punching. 

Preferably, a communicating passage for 
communicating a space bordered by the base section and the 
diaphragm section with the outside of the case main body 
is formed in the case main body. If such a communicating 
passage is formed, the space bordered by the base section 
and the diaphragm section is placed at atmospheric 
pressure, so that the warp of the diaphragm section becomes 
easier. 

The semiconductor force sensor according to the 
present Invention can be applied to a surface-mount type 
semiconductor force sensor. If it is applied to the 
surface-mount type semiconductor force sensor, the 
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surface-mounting area of the semiconductor force sensor 
can be reduced. In addition, there is an advantage that 
no terminals are bent due to an external force, or the like, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic sectional view of a 
semiconductor force sensor according to a first embodiment 
of the present invention; 

Figs . 2(A) to 2(D) are a cutaway top view, a back view, 
a cutaway front view, and a cutaway right side view of a 
semiconductor force sensor according to a second 
embodiment of the present invention; 

Fig. 3 is a sectional view showing the vicinity of 
the through hole of the semiconductor force sensor shown 
in Fig. 2; 

Figs. 4(A) and 4(B) are a back view and a sectional 
view of a semiconductor force sensor according to a third 
embodiment of the present invention; 

Fig. 5 is a sectional view showing the vicinity of 
the through hole of the semiconductor force sensor shown 
in Fig. 4; and 

Figs. 6(A) and (B) are sectional views, showing the 
vicinity of the through holes of semiconductor force 
sensors according to other embodiments of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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Embodiments of the present invention will be 
described in detail with reference to the accompanying 
drawings . Fig . 1 is a schematic sectional view of a 
semiconductor force sensor according to a first embodiment 
of the present invention. Referring to Fig. l r a 
semiconductor force sensor element 1 is formed using a 
Silicon semiconductor substrate with an area of 2.3 mm 
square and a thickness of 300 inn, for detecting a force. 
At the center of the semiconductor substrate is formed a 
diaphragm section 3, and its periphery is supported by a 
base section 5 integral with the diaphragm section 3. The 
diaphragm section 3 has a converting section 3a on its 
front surface portion 3b. The converting section 3a 
comprises four diffusion resistances constituting a 
bridge circuit formed in the semiconductor substrate. 
The diffusion resistances convert a force applied to the 
converting section 3a into an electric signal by 
piezoresistlve effect. The diaphragm section 3 is a 
silicon diaphragm constituted by the bottom of a recess 
section formed by etching from the back surface of the 
semiconductor substrate. The base section 5 is 

identified as a portion that has remained after etching 
for forming the diaphragm section 3 in the semiconductor 
substrate. The base section 5 supports the periphery of 
the diaphragm section 3, and a plurality of connecting 
electrodes connected to the resistance bridge circuit are 
formed on its surface. The resistances of the resistance 
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bridge circuit are connected to an external circuit 
through the connecting electrodes* not shown. After the 
resistances are formed, the surface of the semiconductor 
force sensor element 1 is covered with an electrical 
insulation film for protection. 

Force transmitting means 9 is intended to transmit 
a force to be measured to the diaphragm section 3 of the 
semiconductor force sensor element 1. The force 
transmitting means 9 is formed of a metal sphere. In this 
embodiment, it is necessary to arrange the force 
transmitting means 9 so that the center of gravity of the 
force transmitting means 9 formed of the sphere is located 
above a center 3d of the diaphragm section 3 of the 
semiconductor force sensor element 1 (or so that the center 
of the force transmitting means 9 formed of the sphere is 
located on a virtual orthogonal line orthogonal to the 
front surface of the diaphragm section 3) . Referring to 
Fig. I, for explanation, illustration is made so that there 
is a comparatively large space between the inner wall 
surface of a through hole 16a formed in a guide member 16 
for guiding the force transmitting means 9 and the outer 
surface of the force transmitting means 9 formed of the 
sphere. In actual use, however, the guide member 16 
constituting the structure of mounting the force 
transmitting means is so structured that when a force is 
applied to the force transmitting means 9 formed of the 
sphere at a predetermined angle with the virtual 
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orthogonal line described before, the force transmitting 
means 9 is rotated by a component force directed in a 
direction not along the virtual orthogonal line described 
before, and that the force transmitting means 9 formed of 
the sphere moves along the virtual orthogonal line by a 
component force directed in a direction along the virtual 
orthogonal line. Specifically, if the diameter of the 
force transmitting means 9 formed of the sphere is 1 mm, 
the limit for the amount of motion of the force 
transmitting means 9 formed of the sphere is approximately 
100 Jim under application of the force of 5 kgf * If the 
amount of motion is restricted to such a level, the 
diaphragm section is not destroyed, and the relationship 
between force conversion and a change in output becomes 
more linear (rectilinear). Normally, the amount of 
motion becomes approximately 15 pm under application of 
the force of 500 gf . 

When no force is applied to the force transmitting 
means 9, theoretically, the force transmitting means 9 is 
in point contact with the diaphragm section 3. 
Accordingly, if the force transmitting means 9 is 
positioned with good accuracy, a load acts only oh the 
central portion 3d of the diaphragm section 3 of the 
semiconductor force sensor element 1. When the force is 
applied to the force transmitting means 9, the diaphragm 
section 3 deforms. However, the force transmitting means 
9 does not substantially deform. Accordingly, the 
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rigidity of the force transmitting means 9 is selected so 
that an output characteristic becomes as close to a 
straight line as possible. 

In this embodiment, by apprppriately determining a 
protruding length L (approximately 100 urn) of the 
spherical force transmitting means .9 that protrudes from 
the through hole 16a of the guide member 16, the amount 
of motion of the force transmitting means 9 to the 
diaphragm section 3 can be restricted. 

A portion 17 of the through hole 16a formed in the 
guide member 16 on the side of the diaphragm section 3 has 
a cylindrical shape , and a portion 18 outside it has a shape 
of a truncated cone. Incidentally, with no force 

practically applied to the force transmitting means 9 , the 
inner wall surface of the portion 18 is in contact with 
the outer surface of the force transmitting means 9. The 
portion 18 having the shape of the truncated cone functions 
to prevent the spherical force transmitting means 9 from 
coming out of the through hole 16a. 

It can be seen that the contact surface of the force 
transmitting means 9 is preferably a quadratic curved 
surface, as in the spherical force transmitting means 
shown in Fig. 1. 

In the embodiment in Fig. 1 # a load from the direction 
of a side of the front surface portion 3b is applied to 
the diaphragm section 3 through the transmitting means, 
so that the diaphragm section 3 deforms . An output voltage 
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that changes linearly with respect to a change in the load 
can be thereby obtained . 

Figs. 2(A) to 2(D) are a cutaway topview, a back view, 
a cutaway front view, and a cutaway right side view of a 
semiconductor force sensor in a second embodiment of the 
present invention applied to a surface-mount type 
semiconductor force sensor. As shown in the respective 
drawings, the semiconductor force sensor in this 
embodiment includes a semiconductor force sensor element 
31, a sphere 33 constituting the force transmitting means, 
and a case 35. The semiconductor force sensor element 31 
is formed using a Silicon semiconductor substrate with an 
area of 2 .3 mm square and a thickness of 300 pm, and includes 
a diaphragm section 37 and an annular base section 39 
integrally formed with the periphery of the diaphragm 
section 37. On the front surface of the diaphragm section 
37 is formed a converting section for converting a change 
in a force into a change in an electric signal by 
piezoresistive effect. The base section 39 is Joined to 
a sensor element supporting section 48 for the case 35, 
so that the semiconductor force sensor element 31 is 
received within the case 35. 

The sphere 33 is formed of a metal ball having rigidity 
and constitutes the force transmitting means for applying 
a force to be measured to the diaphragm section 3 7 of the 
semiconductor force sensor element 31. The sphere 33 is 
in direct contact with the central portion of the diaphragm 
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section 37 of the semiconductor force sensor element 31 
so that the force can be directly applied to the diaphragm 
section 37* 

The case 35 includes a case main body 41 and a lid 
member 43 fixed to the case main body 41, The case main 
body 41 is formed of a resin and has a shape of a box having 
one open surface with an opening 45 therein. This case 
main body 41 includes a nearly rectangular bottom wall 
section 47 and a peripheral wall section 49 integrally 
formed with the peripheral edge portion of the bottom wall 
section 47. To the bottom wall section 47, six terminals 
51 are so fixed that the respective three of the terminals 
protrude from both sides of the semiconductor force sensor 
element 31 in a longitudinal direction thereof* Most of 
the terminals 51 are buried inside the bottom wall section 
47 and have cream soldering surfaces 51a exposed to the 
outside so that the semiconductor force sensor can be 
surface mounted on a circuit substrate, in this 

embodiment, the case main body 41 was formed by injection 
molding with the six terminals 51 used as inserts . 
Incidentally, six holes 47a that pass through the bottom 
wall section 47 are the holes from which pins for 
supporting the six terminals 51 within a mold have come 
off when the case main body 41 is injection molded. In 
the bottom wall section 47 , a communicating passage 47b 
for communicating a space bordered by the base section 39 
and the diaphragm section 37 of the semiconductor force 
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sensor element 31 with the outside of the case main body 
41 is so formed as to pass through the bottom wall section 
47. The bottom wall section 47 includes in its central 
portion the sensor element supporting section 48 to which 
the semiconductor force sensor element 31 is joined. With 
the base section 39 joined to the sensor element supporting 
section 48 as described above, a gel-like protective agent 
formed of silicone with electrically insulating property 
is filled in the case main body 41 so as to cover the 
diaphragm section 37. The penetration of the gel-like 
protective agent 50 is so defined that the sphere 33 pushes 
away the gel- like protective agent 50 on the diaphragm 
section 3 7 to substantially come in direct contact with 
the central portion of the diaphragm section 37. In this 
embodiment, this penetration is defined to be 
approximately 65 r and its elastic modulus is defined to 
be approximately 1 x 10" 5 N/m 2 , At a pair of opposed outer 
wall positions, facing each other, of the peripheral wall 
section 49, a pair of recess sections 53, which are open 
outwardly and toward the other end of the peripheral wall 
section 49, is formed. A pair of positioning protruding 
sections 57 of the lid member 43, which will be described 
later, are engaged with the pair of the recess sections 
53. 

The lid member 43 includes an opposed wall section 
55 shaped like a rectangular plate, arranged to face the 
diaphragm section 37 and the pair of positioning 
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protruding sections 57 that protrude from the opposed wall 
section 55, all of which are integrally formed of a 
synthetic resin. The pair of positioning protruding 
sections 57 extend from the center of the longer sides of 
the opposed wall sections 55 to the case main body 41 to 
be engaged with the recess sections 53 of the case main 
body 41. The opposed wall section 55 has four recess 
portions or stepped portions 59 formed by reducing the 
thickness of the opposed wall section 55 at its four 
corners. Substantially at the centers of the four stepped 
portions 59 are formed four fitted through holes 61, 
respectively. The lid member 43 is fixed to the case main 
body 41 by thermal adhesion sections 60. These thermal 
adhesion sections 60 are formed by thermally deforming the 
leading edge portions of four fitting protrusions that 
protrude from the lid member 43 with the four fitting 
protrusions formed in the case main body 41 fitted into 
the four fitted through holes 61. At a position facing 
the central portion of the diaphragm section 37 of the 
opposed wall section 55, a through hole 63 for receiving 
the sphere 33 is formed* As shown in Fig. 3 in detail, 
the through hole 63 is constituted by a first through hole 
portion 65 on the side of the diaphragm section 37, a second 
through hole portion 67 located outside, and a third 
through hole portion 69 between the first through hole 
portion 65 and the second through hole portion 67. The 
first through hole portion 65 is formed at a position 
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corresponding to the lower half of the sphere 33 and has 
a constant diameter slightly larger than the diameter of 
the sphere 33. The second through hole portion 67 has a 
constant diameter size that allows part of the sphere 33 
to be exposed to the outside from the second through hole 
portion 67. The third thorough hole portion 69 is so 
shaped that the diameter size thereof decreases more 
toward the second through hole portion 67 from the first 
through hole portion 65 along the outer surface of the 
sphere. The sphere 33 is positioned within the case 35 
so that by being received in the through hole 63, part of 
the sphere 33 faces the outside of the opposed wall section 
55 through the through hole and the sphere 33 can move only 
in a direction orthogonal to the diaphragm section 37 and 
can rotate on the central portion of the diaphragm section 
37, with the sphere 33 in direct contact with the central 
portion of the diaphragm section 37. As with this 
embodiment, the through hole provided with the through 
hole portion (third through hole portion 69) shaped along 
the outer surface of the sphere is suitable in the case 
where the lid member 4 3 is formed of a flexible synthetic 
resin. If the through hole 63 is formed to have a shape 
as in this embodiment , the sphere 33 rotates along the 
third through hole portion 69- Thus, the sphere 33 can 
be prevented from rattling within the through hole 63. 

In the semiconductor force sensor in this embodiment . 
when a force in a direction orthogonal to the diaphragm 
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section 37 (indicated by an arrow A) is applied to the 
sphere 33 . the diagram section 37 warps due to the force 
applied to the sphere 33. On contrast therewith, when a 
force in a direction other than the direction orthogonal 
to the diaphragm section 37, (indicated by an arrow B) , 
is applied to the sphere 33, the sphere 33 rotates (in the 
direction indicated by an arrow C) on the central portion 
of the diaphragm section 37 due to a component force. 
Application of an undue force to the diaphragm section 37 
thus can be prevented. For this reason, breakage of the 
diaphragm section 37 can be prevented. Further, only the 
component of the force applied to the direction orthogonal 
to the diaphragm section 3 7 can be accurately measured. 

Figs. 4(A) and 4(B) are a back view and a sectional 
view of a semiconductor force sensor according to a third 
embodiment of the present invention applied to a surface 
mounted type semiconductor force sensor. This embodiment 
includes the same structure as the semiconductor force 
sensor shown in Fig. 2, except for the structure of the 
case. Accordingly, in this drawing, reference numerals 
added by 100 are assigned to the members that are the same 
as those of the semiconductor force sensor in Fig. 2, and 
their descriptions will be thereby omitted. 

As shown in these figures, a case 135 includes a case 
main body 141 and a lid member 143 fixed to the case main 
body 141. The case main body 141 is formed of ceramics 
and has a shape of a box having an opening 14 5 in one surface 
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thereof. This case main body 141 includes a bottom wall 
section 147 and a peripheral wall section 149 integrally 
formed with the peripheral edge portion of the bottom wall 
section 147- On the back surface of the bottom wall 
section 147 , eight terminals 151 are formed of a metal film 
so that the four of the terminals are arranged each at 
either edge of a semiconductor force sensor element 131 
in a longitudinal direction thereof- The eight terminals 
151 are electrically connected to the converting section 
on the front surface of the diaphragm section via 
conductive sections formed in grooves 141a that extend 
vertically at both opposed sides of the case main body 141 
in the longitudinal direction thereof. In the bottom 
wall section 147 , a communicating passage 147b for 
communicating a space bordered by a base section 139 and 
a diaphragm section 137 of a semiconductor force sensor 
element 131 with the outside of the case main body 41 is 
so formed as to pass through the bottom wall section 147. 
The bottom wall section 147 includes in its central portion 
sensor element supporting section 148 to which the 
semiconductor force sensor element 131 is joined. With 
the base section 139 joined to the sensor element 
supporting sections 148 as described above, a gel-like 
protective agent 150 formed of silicone with electrically 
insulating property is filled in the case main body 141 
so as to cover the diaphragm section 137, 

The lid member 143 constitutes an opposed wall section 
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shaped like a rectangular plate, arranged to face the 
diaphragm section 137, and is formed by lamination of a 
second lid plate member 142 on a first lid member 140. The 
first lid plate member 140 and the second lid plate member 
14 2 are both formed of the ceramics or a metal and have 
a rectangular shape . As shown in Fig . 5 in detail „ a first 
through hole portion 165 formed passing through the 
central portion of the first lid plate member 140 and a 
second through hole portion 167 formed passing through the 
central portion of the second lid plate member 142 form 
a through hole 163 for receiving a sphere 133. The first 
through hole portion 165 has a constant diameter size 
slightly larger the diameter of the sphere 133. The 
second through hole portion 167 is so shaped that the 
diameter size thereof gradually decreases toward the 
outside so as to allow part of the sphere 133 to be exposed 
to the outside from the second through hole portion 167. 
The through hole in this embodiment is suitable for the 
case where the lid members are formed of the ceramics or 
the metal with high hardness. If the first through hole 
portion 165 is formed in the first lid plate member 140 
and the second through hole portion 167 is formed in the 
second lid plate member 142 as described above, the first 
through hole portion 165 and the second through hole 
portion 167 can be easily formed with accurate dimensions, 
even if the lid member 143 is formed using the ceramics 
or the metal with high hardness. Further, if at least one 
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of tlie case main body 141 and the lid member 143 is formed 
of the ceramics, the operating temperature range of the 
case main body or the lid member can be expanded. 

As shown in Figs. 6(A) and 6(B) , various shapes can 
be adopted as the shape of the through hole. A through 
hole 263 shown in Fig. 6(A) is constituted by a first 
through hole portion 265 located on the side of the 
diaphragm section, and a second through hole portion 267 
located outside. The first through hole portion 26 5 is 
formed at a position corresponding to the lower half of 
a sphere 233 and has a constant diameter size slightly 
larger than the diameter of the sphere 233. The second 
through hole portion 267 is so shaped that the diameter 
size thereof decreases more toward the outside along the 
outer surface of the sphere 233 so as to allow part of the 
sphere 233 to be exposed to the outside. The through hole 
in this embodiment is suitable when the lid members are 
formed of the flexible synthetic resin as described before. 
In this embodiment, the portion (second through hole 
portion 267) of the through hole 263 of which the diameter 
size decreases more toward the outside along the outer 
surface of the sphere 233 is formed in a wider range than 
in the through hole 63 shown in Fig. 2. Thus, rattling 
of the sphere 233 can be prevented more than in the example 
shown in Fig. 2. 

A through hole 363 shown in Fig. 6(B) is constituted 
by a first through hole portion 365 located on the side 
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of the diaphragm section, a second through hole portion 
367 located outside, and a third through hole portion 369 
located between the first through hole portion 365 and the 
second through hole portion 367- The first through hole 
portion 365 has a constant diameter size slightly larger 
than the diameter of the sphere 333. The second through 
hole portion 367 has a constant diameter size that allows 
part of the sphere 333 to be exposed to the outside from 
the second through hole portion 367* The third through 
hole portion 369 has an annular shape orthogonal to the 
first through hole portion 365 and the second through hole 
portion 367. The through hole in this embodiment is 
suitable for the case where the lid member is formed of 
the ceramics or the metal with high hardness. In this 
embodiment as well, as in the through hole 163 shown in 
Fig. 5, the first through hole portion 365 and the second 
through hole portion 367 can be easily formed with accurate 
dimensions even if the lid members are formed using the 
ceramics or the metal with high hardness. 

INDUSTRIAL APPLICABILITY 

According to the present invention, even if a force 
in a direction other than a direction orthogonal to the 
diaphragm section is applied to the sphere, breakage of 
the diaphragm section can be prevented since no undue force 
is applied to the diaphragm section. Further, only the 
force applied in the direction orthogonal to the diaphragm 
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section can be measured accurately. 
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